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Introduction
Although the prepatent period of Physaloptera maxillaris Molin in skunk (Mephitis mephitis Schreber) has been given as 65-76 days (Lincoln and Anderson 1973) , the development of the worm in skunk has never been determined. In this study, the development was studied in skunk and the various stages are described. In addition, the prepatent period was reinvestigated.
Physaloptera spp. have been reported in many mammals (Hill 1940; Morgan 1944 Morgan , 1946 but the validity of some of these records is questionable in the absence of information about specificity. In this study attempts were made to infect several species of mammals with P. maxillaris.
Larvae of Physaloptera have been reported in various amphibians, reptiles, rodents, and birds in North America (Morgan 1941b) and it has been suggested that some of these hosts may be paratenic hosts. In this study the possible role of amphibians, reptiles, rodents, and birds as paratenic hosts was investigated.
Materials and Methods
Eggs of the common field cricket (Acheta pennsylvanicus Burmeister) were obtained from Dr. R. C. Harris, Canada Department of Agriculture, London, Ontario. Crickets were reared in 9-litre terraria under conditions similar to those described by Harris and Svec (1964) . Before infection, adult crickets were acclimated at least 24 h at 30 "C and then food was withheld at least 48 h. P. maxillaris eggs mixed with food were given, and uneaten material replaced with uncontaminated food after 24 h. In the following experiments the animals received third-stage larvae which had developed for at least 25 days in crickets adult at infection and had been held at 30 "C.
Four skunk (Mephitis mephitis) obtained from Kitchener, Ontario, at about 4 weeks old, were fed a bitch's milk substitute (Esbilac, Borden Inc., Norfolk, Virginia) for 3 weeks, and then were fed commercial mink (Mustela vison L.) food (ground meat waste). The animals were descented at 7 weeks of age. Twelve skunk about 7 weeks old were obtained from Ruby's Fur Farm, R.R. 3, New Sharon, Iowa. These animals had been descented before shipment. All skunk were tagged with Hauptner ear tags (Solingen, Germany) but this procedure did not prove adequate, and subsequently the animals were toe clipped. The animals were kept on a 16-h photoperiod and at 20-25 "C in standard (94 x 53 x 30cm) mink cages with nest boxes. After 6 months the animals were kept in outside cages with nest boxes. Large water containers were provided, and cardboard liners were placed in the cages during the winter months to prevent foot problems.
Before the experiment, piperazine (Pipcide Tablets, Haver-Lockhart Laboratories, Calgary, Alberta) was administered to the dogs (Canis familiaris L.) and cats (Felis catus L.) to remove intestinal helminths. These animals were held singly in large stainless steel cages (dogs, 101 x 76 x 98 cm; cats, 61 x 45 x 77 cm) at about 21 "C, on a 14-h photoperiod for the cats and a 9-h photoperiod for the dogs.
Rats (Rattus norvegicus Berkenhout) were kept in large rat cages (49 x 30 x 15 cm) at 20-25 "C with a 12-to 14-h photoperiod. Skunk, ferrets (Mustela furo L.), mink, and raccoons (Procyon lotor L.) were held, during the late winter, spring, and summer (1974), in mink cages and raccoon pens (120 x 91 x 61 cm) at the Ontario Veterinary College Field Research Station. All animals were fed commercial mink food. Skunk, dogs, cats, raccoons, mink, and ferrets (except the male) were examined for P. maxillaris eggs by means of faecal floatation (Sheather's sugar floatation) (Levine 1966 ) before experimental infection.
At necropsy, cats, raccoons, mink, ferrets, and skunk were killed with an intracardial injection of sodium pentobarbital (Nembutal, Abbott Laboratories, Montreal, Quebec). The rats were killed with chloroform and the dogs with sodium pentobarbital (Euthanosol, W. E. Saunders Ltd., London, Ontario).
The stomach and small intestine of each animal were examined. Stomach contents were washed through a series of Endecott's sieves (10 mesh, 1679-p (micron) opening; 35 mesh, 500-p opening; 80 mesh, 180-p opening) and screened material was examined. Each stomach was also examined with the aid of a dissecting microscope. A 1% solution of methylene blue was added to aid in observation of nematodes. The small intestine was opened for gross examination. Nematodes recovered were fixed in a hot (about 90 "C) 1 :9 solution of glycerine in 70% alcohol.
Leopard frogs (Rana pipiens Schreber) were obtained from Boreal Biological Supplies (Mississauga, Ontario) and kept at 20-25 "C and a 16-h photoperiod in screened 9-litre terraria lined with moss and provided with large dishes of water. Crickets from a laboratory colony served as food.
Thirty young (6 weeks old) garter snakes (Thamnophis sirtalis L.) born in captivity from snakes captured in Ontario were obtained from Mr. S. Sibalis, Department of Zoology, University of Guelph. They were held in plastic mouse cages (26 x 20 x 15 cm) with screen tops and provided with watering dishes. The animals were fed ocean perch (Sebastes marinus L.) fillets and held at 27 "C with a 12-h photoperiod.
Fifteen white mice (Mus musculus L.) were held in two large rat cages (49 x 30 x 15 cm) at 20-25 "C with a 12-to 14-h photoperiod. Purina Laboratory Chow and water were provided ad libitum.
Twelve one-day-old Leghorn chicks (Gallus sp.) were obtained from the Department of Poultry Science, University of Guelph. For the first 6 weeks the birds were raised in a large pen (2 x 0.5 x 0.5 m) at about 27 "C with continuous light and were fed unmeditated duck starter (United Cooperatives of Ontario. Guelph, Ontario).
Nematodes recovered were fixed in hot glycerinealcohol before clearing and measuring.
Design and Results of Experiments

Development and Moulting in Skunk
The purpose of this experiment was to determine the time of larval moults and the prepatent period in skunk. Each of seven skunk was given infective third-stage larvae, and skunk were killed at various times after infection (Table 1) .
Two skunk were kept until the infections were patent (Nos. 6 and 7, Table 1 ). Examinations of faecal floatations were carried out beginning at day 21 after infection. The stomach tissues of skunk No. 7 were digested in artificial gastric juice (Cable 1969) at 37 "C for 24 h. The residue was examined for worms.
Third Stage
The third-stage male larva had a well-defined genital primordium lying against the hypodermis on the ventral side of the body (Fig. 1) . The genital primordium elongated at the time of the third moult and consisted of. undifferentiated cells (Fig. 2) . The tail had a well-defined double cuticle (Fig. 7) , and was stouter than in the infective third-stage larva (Fig. 6) .
The genital primordium of the infective thirdstage female larva was attached to the hypo- dermis on the ventral side of the body in the region of the oesophageal-intestinal junction (Fig. 11) . The gonad had elongated at the time of the third moult and the terminal end had just begun to bifurcate (Fig. 12 ). The tail was stouter than in the infective third stage ( Fig. 15 ) and had a double cuticle (Fig. 16 ). Larvae were first observed undergoing the third moult in the skunk examined 5 days after infection. Sixty-three (45%) of the 140 larvae examined (No. 1, Table 1 ) were moulting, as indicated by the presence of double cuticle and gonad development. Several moulting thirdstage larvae were measured (Table 2) . Moulting third-stage larvae were not observed at 10, 15, 20, and 25 days after infection or in patent infections.
Fourth Stage The gonad of the fourth-stage male larva at 10 days extended to the rectum ( Fig. 3 ) and was well differentiated (Figs. 4a-c). The tail was long at the fourth moult and had developing papillae (Fig. 8) .
The fourth-stage female larva had a welldeveloped vagina and uteri and the ovaries were recognizable (Fig. 13) . The gonads were well developed at the fourth moult and included spermathecae. The tail had a double cuticle (Fig.  17) .
Some larvae were undergoing the fourth moult in skunk examined at 10 and 15 days after infection. Seven (19%) of the 37 fourth-stage larvae examined at 10 days after infection were moulting, as indicated by the presence of double cuticle and gonad development. Thirty-three (83%) of the 40 fourth-stage larvae examined were moulting at 15 days after infection. Several moulting fourth-stage larvae were measured (Table 2 ). Seven (33%) of the 21 fourth-stage larvae examined at 20 days after infection were moulting. Moulting fourth-stage larvae were not observed at 25 days after infection or in patent infections.
Adult Adult males and females were immature 20-25 days after infection. Adult males had welldeveloped caudal alae, spicules, and area rugosae, but no sperm. The uteri of adult females contained eggs at 25 days after infection.
The gonad in the adult male was divided into testis ( Fig. 5a ), seminal vesicle (Fig. 5b) , and ejaculatory duct. The tail was complex (Figs. 9 and 10) with 21 papillae including four pairs of pedunculate papillae and, occasionally, a distinct raised area between the 10th pair of papillae. The area rugosae extended from well anterior to the anus, to slightly anterior to the 10th pair of papillae. The spicules were small and dissimilar in size and morphology (Fig. 9) .
The uteri of the adult female had a common trunk (Fig. 14a ) and the spermathecae were well differentiated at the distal ends of the uteri (Fig.  14b) . The oviducts and ovaries were well defined (Fig. 14c) . The tail was stout with a rounded apex (Fig. 18) . Skunk Nos. 6 and 7 passed small (25-50 p) unlarvated eggs 38 days after infection, but larvated eggs were found 41 days (No. 6) and 45 days (No. 7) after infection. Various stages were found in these skunk, showing that development was asynchronous. No worms were recovered from pepsin digestion of the stomach tissues of skunk No. 7. Larvated eggs were found only in a reddish-coloured portion of the vagina and uteri of worms from skunk Nos. 6 and 7. This colour was also consistently noted in mature females of P. maxillaris found in wild third-stage larvae of P. maxillaris. Twelve snakes skunk. The colour faded as worms cleared in served as controls. The snakes were killed by glycerine-alcohol or were placed in water. decapitation, and were examined at various Twenty adult worms were measured (Table 21 . times after infection. The digestive tract was re-
Rana pipiens Schreber as a Possible Paratenic
Host In a preliminary experiment, two leopard frogs were each fed an adult cricket that contained larvae of P. maxillaris that had developed for at least 25 days at 30 "C. Another frog served as the control. Each frog was placed in artificial gastric juice.
In the preliminary experiment, the frog killed 5 days after infection contained 61 third-stage larvae of P. maxillaris in its stomach and 3 in its intestine. The stomach of a frog killed 10 days after infection and that of a frog which did not receive an infected cricket contained no larvae. No larvae were recovered by pepsin digestion of tissues of either experimental frog.
Each of 10 experimental frogs received, orally, 25 third-stage larvae of P. maxillaris. Eight frogs served as controls. The frogs were killed by pithing, and were examined at various times after infection. The stomachs were opened and examined with a dissecting microscope; the superficial musculature was examined grossly.
Nineteen larvae were found free in the stomachs or attached to the stomach walls of four experimental frogs at 14 days after infection. These worms were indistinguishable from thirdstage larvae recovered from crickets. The remaining experimental frogs were examined 15 days after infection. An average of four larvae (range 1-8) were found in the stomachs of five frogs; one frog was uninfected. No larvae were recovered from control frogs.
The 20 worms recovered from the five frogs were given to a skunk. The skunk was killed 60 days after infection and 11 third-stage larvae were recovered from the stomach.
Thamnophis sirtalis L. as a Possible Paratenic
Host Each of 15 garter snakes received, orally, 25 moved and placed in water f i r examination with a dissecting microscope. The entire snake was then placed in artificial gastric juice. Before digestion the superficial musculature of several snakes was examined grossly for larvae.
Larvae were found principally in the stomach, free or attached to the stomach wall, but some were found in the intestine. An average of 9 (range 3-14) larvae per snake were recovered from six snakes examined at 14 days after infection. An average of 13 (range 3-20) larvae per snake was recovered from five snakes examined at 21 days after infection. These larvae were indistinguishable from third-stage larvae recovered from crickets. Larvae were not found in control snakes.
Mus musculus L. as a Possible Paratenic Host
In a preliminary experiment three albino mice were each fed one infected adult cricket held 25 days at 30 "C. The tissues of the mice were placed in artificial gastric juice; no larvae were recovered. The stomach of one mouse, examined 5 days after infection, contained two third-stage larvae; the other two mice, killed 10 and 15 days after infection, contained no worms.
Each of 15 mice received, orally, larvae which had developed for at least 25 days in adult crickets held at 30 "C. One mouse received 24 larvae, one 14 larvae, and 13 mice received 15 larvae each. Mice were killed with chloroform at 14 and 15 days after infection. The small intestines and superficial musculature were examined grossly; the stomachs were examined as above (see methods of R. pipiens).
One third-stage larva was recovered from the stomach of one mouse at 14 days after infection. No larvae were recovered from the other mice.
Gallus sp. as a Possible Paratenic Host
Each of 10 Leghorn chickens orally received 50 third-stage larvae of P. maxillaris. Two chickens that were not given larvae served as the control dog, cat, and raccoon. As the mink, controls. The birds were killed with Nembutal ferrets, and rats were reared in captivity, control and examined at the following times after in-animals were not deemed necessary. fection: 3 days (two birds), 7 days (one), 8 days (one), 11 days (one), 21 days (two), 22 days (one), Discussion 28 days (two), and 29 days (two control birds). The first bird was examined grossly and various organs and tissues were pressed between two glass plates for examination with a dissecting microscope. The remaining birds were digested in artificial gastric juice. The following portions of each bird were digested: right and left wings to second joint, right and left legs, right and left breasts, intestines, gizzard, liver, crop and proventriculus, and remainder (except feathers, and except the heads of first three birds examined). No larvae were found in any of the chickens.
Speczjicity in De3nitive Hosts Other Than Skunk
The purpose of this series of experiments was to determine whether P. maxillaris could be transmitted to mammals other than skunk. All species of mammals were fed commercial mink food: two 4-month-old dogs (66), two cats of unknown ages (1 6, 1 ?), seven albino rats (9 ?), two yearling raccoons (1 6, 1 ?), two weanling ferrets ( ? 0) and an adult ferret (d), and four weanling mink ( ? ?). A dog, a cat, and a raccoon received the larvae mixed with the food bolus; the ferrets, mink, and rats received the larvae orally by pipette. Two skunk were given infective larvae orally by pipette. All experimental animals received at least 100 third-stage larvae.
At 70 days after infection, one skunk contained 17 third-stage larvae and 10 adults; the other contained three third-stage larvae and nine adults. An adult male worm was recovered from the dog, and the male ferret contained a thirdstage larva, at 70 and 91 days respectively after infection. Worms were always found in the stomach or attached to the stomach wall. Worms were not found in any other animal, including
Apparently there are wide differences among species in the prepatent period and time of moulting within the genus Physaloptera. Schell (1952) gave the prepatent period of P. hispida in cotton rats as 73-90 days and noted gonad development in larvae at 16 days after infection. Petri and Ameel (1950) recovered sexually mature P. rara 83 days after infection in a cat. Zago Filho (1962~) stated that, in cats, the third moult of P. praeputialis occurred at 45 days and the fourth at 95 days, and he gave the prepatent period as 131-156 days. Zago Filho (1962b) in a study of P. turgida fohnd that the third stage was completed in 53 days and the fourth in 64 days, and that the prepatent period was 144 days. Olsen (1971) reported that the prepatent period of P. rara in cats was 75-79 days. The rather short prepatent period of P. maxillaris would help ensure transmission during the short summer period, when skunk are feeding regularly and crickets are abundant.
Third-stage larvae did not develop in frogs and were only found in the stomach. They attached to the gut like adult worms in the definitive host. Up to 32% of the larvae given to leopard frogs were recovered 15 days after infection. Walton (1 93 1) found capsules containing Physaloptera sp. in the stomach and intestinal walls of bull frogs (Rana catesbiana) from northern Indiana. Larvae of Physaloptera sp. have been recovered from several species of amphibians (Morgan 1941 b) . Olsen (1971) gave leopard frogs third-stage larvae of P. rara but failed to recover any larvae at necropsy. However, larvae passed in the faeces of the frogs were infective to cats, as were the remains of the frogs.
FIGS. 11-14. Development and relative size of female reproductive system of Physaloptera maxillaris. Fig. 11 . Genital primordium of third-stage larva. From cricket, 26 days after infection. Fig. 12 . Genital primordium at third moult. From skunk, 5 days after infection. Fig. 13 . Gonad of fourthstage larva. From skunk, 10 days after infection. Because frogs readily consume insects, they may be paratenic hosts of P. maxillaris, but are unlikely to have much importance epizootiologically, since frogs are not an important component of the skunk diet (Hamilton 1936; Verts 1967) .
No adult worms were recovered from a skunk given larvae from frogs. Two hypotheses are suggested to explain this observation: (1) worms from frogs may be inhibited from developing to the adult stage in skunk; and (2) worms may have become sexually mature in the skunk and passed out in faeces before necropsy.
In the present study up to 80% of infective larvae of P. maxillaris given to garter snakes were recovered from the stomach and intestine 21 days after infection. Widmer (1967) examined prairie rattlesnakes (Crotalus viridis) from three locations in Colorado and found, in the stomach and small intestine, varying numbers of thirdstage Physaloptera sp. Widmer (1970) found numerous third-stage P. rara attached to the stomach of the prairie rattlesnake. There were small macroscopic lesions through which larvae had penetrated to the muscularis mucosa; they were similar to the lesions caused by P. maxillaris in skunk (Lincoln and Anderson 1973) . Olsen (1971) reported that 13 of 88 prairie rattlesnakes in Colorado contained encapsulated P. rara larvae with two to several larvae occurring in any one snake. Although garter snakes consume insects (Collins 1959; J. P. Bogart, personal communication, 1975) and could be paratenic hosts, they are probably unimportant in the epizootiology of P. maxillaris, as they are only a small component of the skunk diet (Hamilton 1936; Verts 1967) .
In the present study, only one third-stage larva of P. maxillaris was recovered from the stomach of one mouse 14 days after infection. Physaloptera sp. has been reported from the stomach of the smokey shrew (Sorex fumeus) (Morgan 1941b) , whose range overlaps that of striped skunk (Collins 1959) , and from the stomach of cottontail rabbits (Sylvilagusfloridanus) (Odlaug 1956 ) . Zago Filho (1959) found that third-stage larvae of P. turgida of the opossum (Didelphis marsupialis) would survive briefly (time not indicated) in rats, mice, and guinea pigs (Cavia porcellus) but not in dogs and cats. Olsen (1971) recovered third-stage larvae of P. rara from a mouse infected 4 days previously. One larva was found in the stomach and nine in the body muscles. According to Hamilton (1936) and Verts (1967) , rodents are a significant component of the skunk diet, especially in early spring when insects are scarce. Thus further studies are necessary to determine the importance of small mammals as possible paratenic hosts of P. maxillaris.
Larvae of P. maxillaris were not recovered from experimentally infected chickens. However, encapsulated larvae of Physaloptera spp. have been reported from breast or leg muscles of several species of North American gallinaceous birds (Cram 1932; Boughton 1937; Morgan 1941b; Campbell and Lee 1953; Dixon and Roberson 1967; C. P. Hibler, personal communication, 1974; G. G. Gibson, personal communication, 1975) . Hamilton (1936) believed birds were an insignificant component of the skunk diet, while Verts (1967) believed they were significant, especially in the early spring.
P. maxillaris appears relatively host specific. Of the seven species of mammals tested, patent infections developed only in skunk, although an adult was recovered from a dog and a thirdstage larva from a ferret. P. maxillaris has, however, been reported in North America from foxes (Vulpes vulpes, Urocyon cinereoargenteus), badgers (Taxidea taxus), mink, raccoon, and weasels (Mustela erminea, M. nivalis, M. frenata) (see Morgan 1941a Morgan , 1943 Miller and Harkema 1968) . Some of the above identifications may be questionable.
